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The aim of this study was to evaluate the reliability and
responsiveness of a new deviceperceptual matching
by Matcher (Cefar Medical AB, Lund, Sweden)in the
assessment of the progress of experimentally induced
itch as well as determine the reliability of the method
in patients with skin disease and itch. The perceptual
matching unit electrically stimulates the skin of the ¢n-
gers in the left hand.When the amplitude of the sensa-
tion corresponded to that of the experienced itch, the
subject was instructed to halt the stimulation and a va-
lue was automatically saved in the electronic device. A
total of 36 healthy subjects and nine patients partici-
pated in the study. The healthy subjects were asked to
rate the level of itch every 30 s during the ¢rst 5 min
and thereafter every minute. The reliability was deter-
mined in a test^retest procedure of the time points 5,
10, and 15 min after induction of itching. To test the
stability of the method, the ¢rst sensation of pain in
healthy subjects without itch was determined every
10th minute during 60 min. In patients, the test^retest
procedure was repeated within 5 min. Perceptual
matching was found to be a reliable method of itch
assessment, with no evidence for random individual
disagreement between the assessments. The augmented
rank order coe⁄cient ra was excellent: 1.00 at 5 min; 0.99
at 10 min; and 1.00 at 15 min. There was a clear indica-
tion of responsiveness for detecting changes in itch over
time, pp0.05. The perceptual matcher device can detect
immediate changes in perceived itch and is also sensi-
tive to gradual decreases after the induction of itch.
The ¢rst sensation of pain in healthy subjects without
itch was una¡ected when assessed every 10th minute
during 60 min. In patients, no evidence for random
disagreement or systematic disagreement by group
between repeated assessments was detected. The
augmented rank order coe⁄cient was high (0.98). In
conclusion, Matcher measures itch intensity via percep-
tual matching with a high reliability and excellent
responsiveness. The method is stable and can be recom-
mended as an assessment tool for itch intensity both in
experimental conditions as well as in patients with skin
disease and itch. Key words: eczema/electrical stimulation/
histamine / itch /perceptual matching / reliability / responsiveness.
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I
tch (pruritus) is de¢ned as an unpleasant sensory experience
associated with the urge to scratch. Experimentally induced
itch by iontophoresis is a reliable method and has been used
widely to study the early stage of the cutaneous in£amma-
tory responses £are and local edema (weal) (Magerl et al,
1990). Recently, microneurography has been used to describe sub-
classes of primary a¡erent C ¢bers that subserve distinct sensory
functions, such as itch and touch (Schmelz et al, 1997; Vallbo et al,
1999; Olausson et al, 2002). One subset of these C-units is almost
exclusively histamine sensitive and is probably the primary a¡er-
ent whose activity elicits the itch sensation. This subset has been
suggested to represent a new class of a¡erent nerve ¢bers
(Schmelz et al, 1997). In addition, itch-speci¢c central a¡erent neu-
rons have recently been described in the dorsal horn (Andrew
and Craig, 2001). It is reasonable to assume that itch and pain,
physiologically, are transmitted in separate C and A-d a¡erents.
As an example, painful stimuli, e.g., electrical stimulation, can
abolish histamine-induced itch locally for hours (Schmelz, 2001).
Furthermore, morphine inhibits pain but can cause itch in hu-
mans and scratching behavior in animals (Thomas et al, 1993).
Reliability in the measurement of itch is of great importance,
but the knowledge of the appropriate procedure is still scarce
(Gracely, 1999a; Price, 2000). Similar to pain, itch is not a one-
dimensional sensation and can be characterized by quantitative
(i.e., itch intensity), qualitative (i.e., unpleasantness), and motor
aspects (i.e., withdrawal, urge to scratch) (Drzezga et al, 2001).
The visual analog scale (VAS) and di¡erent verbal and numeric
scales are tools commonly used to assess itch intensity (Wahlgren
et al, 1989). TheVAS used for itch ratings is often carried out by an
electronic device and stored in a computer for further analysis
(Magerl et al, 1990; Schmelz et al, 1997; Koppert et al, 1998; Baron
et al, 2001); however, some criticism of the use of the VAS has
been voiced (Svensson, 2000; Lundeberg et al, 2001; Stener-
Victorin et al, 2002). The VAS is bounded by ¢xed end-points
and limits the range of measurements. The VAS is also a limited
method of assessing the intensity as the patient must compare
and grade perceived itch intensity against his or her worst-ever
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experience of itch (Gracely, 1999b). VAS assessments o¡er a false
impression of reliable measurements because the assessments are
expressed in millimeters, but inconsistency and great random dis-
agreement have been demonstrated (Svensson, 2000; Lundeberg
et al, 2001).
Other techniques used to evoke a correlate for sensation and
the perception of experimentally induced itch are based on psy-
chophysical concepts such as touch, heat, or pinch stimulus
(Handwerker and Kobal, 1993; Gracely, 1999b). Electrical stimulus
against which the person may match the perceived itch with non-
visualized, predetermined end-points is another method for as-
sessing itch (Handwerker and Kobal, 1993; Koppert et al, 1998;
Gracely, 1999b). A recently developed perceptual matching device
was designed for both clinical and experimental assessment of
pain and is based on noninvasive electrical stimulation applied
to the skin of one hand as a matching stimulus (Lundeberg et al,
2001; Stener-Victorin et al, 2002). This allows a continuous indi-
vidual response with nonvisualized, predetermined lower or
upper limits. Recent studies have found that the reliability of per-
ceptual matching of pain experiences during a minor surgical op-
eration is higher than that of theVAS (Stener-Victorin et al, 2002),
whereas the responsiveness of the two methods is similar (Lunde-
berg et al, 2001; Stener-Victorin et al, 2002). The experiences of
itch and pain have many similarities as both involve a complex
response composed of sensory, a¡ective, and cognitive aspects
(Gracely, 1999a; Price, 2000). Perceptual matching and the present
device have not previously been tested in the assessment of itch.
The main aim of this study was to evaluate the reliability (in a
test^retest procedure) and the responsiveness (changes over time)
of a new methodperceptual matching by Matcher, Cefar Med-
ical AB in Lund, Swedenfor assessment of the progress of ex-
perimentally induced itch by using a rank-invariant statistical
method. To test the stability of the method, the ¢rst sensation of
pain in healthy subjects was assessed repeatedly during 60 min. In
addition, reliability, i.e., test^retest, for the assessment of experi-
enced itch was measured in patients with skin disease.
MATERIALS AND METHODS
Subjects and experimental design Thirty-six healthy subjects (18
women aged 20^48 y and 18 men, aged 21^42 y) were recruited among
students at the Sahlgrenska Academy at G˛teborg University, Sweden, to
participate in this experimental study. None had any skin disease,
histamine-induced allergy, asthma, diabetes, or pain. None consumed any
medication that was intended for pain or that contained an antihistamine,
and none were pregnant.
In addition, nine patients (four women aged 44^79 y and ¢ve men, aged
21^68 y) with a skin disease (eczema) and itch were recruited from the
Department of Dermatology, Karolinska Hospital, Stockholm, Sweden.
After the experimental procedure had been explained, all subjects gave
written consent prior to the study. The local Ethics Committees of
G˛teborg and Stockholm Universities, Sweden, approved the study.
Experimental induction of itch Itch was induced by the iontophoresis
of a 1% histamine diphosphate solution (Sigma-Aldrich Sweden AB,
Stockholm, Sweden) in deionized water (Magerl et al, 1990). An oval pad
(Iomed Trans QEsmall 1.5^2.0 mL) was ¢lled with the histamine solution
and connected to the anode of a commercial iontophoretic machine
(PhoresorII Auto^IOMED, Salt Lake City, Utah). The electrode was
applied 10 cm distal to the elbow fold on the subject’s volar forearm, and a
positive current of 2.0 mAwas applied for 60 s via a silver^silver chloride
electrode to deliver a standard amount of histamine. The current £owed
through an indi¡erent electrode pad placed on the lateral side of the
forearm. The iontophoresis procedure induced a sensation of itch in all
subjects, lasting approximately 15 min.
Itch and ¢rst sensation of pain measured by perceptual
matching Before histamine was applied, the subjects had no itch and
the Matcher value was calibrated to 0. After the application of histamine
(see details above), the subjects were asked to rate the level of perceived
itch every 30 s for 5 min and thereafter every 60 s for a total of 20 min by
electrically stimulating the skin, producing perceptual matching. At the
time points 5, 10, and 15 min after application of histamine, the perceptual
matching procedure was repeated within 30 s, test^retest, to test the
reliability. When the amplitude of the sensation in the left hand
corresponded to that of the experienced itch, the subject was told to halt
the stimulation by pressing the button or releasing the ¢ngers of the left
hand from the electrode box. The value obtained was between 0 and 99
and automatically saved in the electronic device.
To test the stability of the perceptual matching procedure over time, the
¢rst sensation of pain was determined every 10th minute during 60 min in
healthy subjects and they served as a negative control to experimental
subjects. The subject was told to halt the stimulation, as described above,
when the ¢rst sensation of pain was perceived in the left hand.
In addition, patients with skin disease and itch were asked to rate the
level of perceived itch. The perceptual matching procedure was repeated 3
times test^retest with 5 min between the assessments, to test the reliability
of the Matcher.
Electrical stimulation unit Matcher is an instrument for registering,
assessing, and quantifying itch intensity using constant current electrical
stimulation (CCES). The unit is programmed to produce a constant
current despite variations in skin resistance (e.g., in£uenced by sweating
and anxiety of the subject) up to 13 kO. The patient holds the instrument
in a pincer grasp between the thumb and index ¢nger on the left hand.The
¢ngertips press against the electrodes on the instrument. The patient starts
and interrupts stimulation by gripping or releasing the electrodes or by
pressing the button. The generator detects the resistance and regulates the
current accordingly, which means that the instrument always maintains an
amplitude of 15 mA, regardless of the resistance. The stimulation, a
monophasic square pulse with a frequency of 10 Hz, starts out at zero and
then increases continuously by lengthening the pulse duration. The initial
duration is 4 ms and the maximum 396 ms. The increase takes place in
increments of 4 ms per step up to a total of 99 steps. Three di¡erent
velocities between 0 and 250 ms with a duration of 35, 40, or 45 s are
randomly selected. The value presented on the Matcher (0^99) is related
to the pulse width by a data transformation by a division of 4 and is
displayed on a liquid crystal display screen and saved in the memory. The
electrical charge per second is extremely low and varies through the
di¡erent steps from 0.6 to 59 mC per s.
Because of the electrical stimulation, persons with a pacemaker should
not use this method.
Statistics All data were presented using descriptive statistics. They
include numerical units assessed by the Matcher as median values and
ranges from minimum to maximum. All statistical calculations were
made using the software package SYSRAN 1.0 for Matlab 6 (JK Stat,
Stockholm, Sweden).
The data were considered to have an ordered structure. No metric
properties were assumed. The data were therefore characterized as ordinal
data (Svensson, 2000). The statistical approach to this study considers the
rank-invariant properties of ordinal data without any other structural
assumptions. The advantage with the rank-invariant statistical method is
that the results are una¡ected by the data transformation performed on
the original data from the Matcher. Aspects of both systematic and
random disagreement could also considered.
To estimate the reliability (agreement) between two repeated
observations (test^retest) in itch assessment by perceptual matching, the
measures of systematic disagreementrelative position (RP) and relative
concentration (RC)were estimated together with the measure of
random disagreement (RV). Systematic disagreement is caused by
systematically increased or decreased values as a group from the ¢rst to
the second assessment, i.e., most of the subjects rate their itch
systematically higher or lower at the repeated assessment. The random
individual disagreement is a measure of disagreement on the individual
level that could not be explained by systematic disagreement. Values of
RP and RC range from ^1 to 1, where 0 indicates a lack of systematic
disagreement between the two repeated assessments. RV values close to 0
indicate a lack of random disagreement. The higher the values of RV, the
more dispersed are the observations (Svensson, 2000). An RV-related
measure to express the size of random individual changes is the rank-
order agreement coe⁄cient, ra, where values close to 1 indicate a lack of
random disagreement.
Systematic disagreement was graphically illustrated by plotting the
cumulative proportions of observed threshold values against each other
starting at the point 0.0. This illustration de¢nes a relative operative chara-
cteristic (ROC) curve. The ROC curve coincides with the main diagonal
when there is a lack of bias, indicating no systematic disagreement.
The same statistical method was used to analyze the responsiveness to
induction of itch. Responsiveness is a measure of how much of the
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changes in itch measures could be identi¢ed as a systematic change by
group. The changes not explained by responsiveness are de¢ned as
random individual changes. In this case, the measure of RP indicates a
systematic change by group between 5 and 10 min and between 10 and
15 min occasions. Individual heterogeneity in changes are identi¢ed by
RV. The approximate 95% con¢dence intervals (CI) for the estimates
were calculated using the jack-knife estimation of standard errors. A
p-value less than 0.05 was considered signi¢cant.
RESULTS
Reliability of itch assessments by perceptual matching of
experimentally induced itch Figure 1 shows the ROC curves
for repeated (test^retest) perceptual matching measurements at 5, 10,
and 15 min after induction of itch. The ROC curve more or less
follows the main diagonal. This indicates a lack of systematic
disagreement in repeated itch assessments. Table I shows the
pattern of disagreement in repeated observations of perceived itch.
No statistical evidence for systematic disagreement was found in the
RP and RC values. The RV values indicate a lack of random
individual disagreement in itch in all three assessments. The
augmented rank order agreement coe⁄cient, ra was excellent: 1.00
at 5 min, 0.99 at 10 min, and 1.00 at 15 min, which indicates that the
reliability between repeated assessments is high.
Responsiveness of itch assessments by perceptual matching
of experimentally induced itch Figure 2 shows the median
value, interquartile range, and minimum and maximum values
for repeated itch matching assessments by perceptual matching
during the experimental procedure. The levels of perceived itch
increased signi¢cantly immediately (1 min) after induction of
itch (po0.001). Table II shows the pattern of changes in itch
intensity for perceptual matching at 5, 10, and 15 min after the
induction of itch. The RP estimates indicate a systematic de-
crease in itch intensity between the 10 and 15 min registrations,
which was statistically con¢rmed, pp0.05. Perceived itch inten-
sity levels were reduced but present at the 20 min registrations.
First sensation of pain measured by perceptual match-
ing Figure 3 shows the median value, interquartile range, and
minimum and maximum values for repeated assessments of the
¢rst sensation of pain in healthy subjects without itch by
perceptual matching. There was no statistical evidence for
systematic changes in the ¢rst sensation of pain in the repeated
measures taken at 10 min intervals during 60 min.
Reliability of itch assessments by perceptual matching in
patients with skin disease The results for systematic and
individual disagreement for the three repeated assessments of
itch by perceptual matching in patients with skin disease are
Figure1. The relative operating characteristic (ROC) curves illus-
trate the systematic disagreement of repeated measurements be-
tween the ¢rst and second (test^retest) perceptual matching
measurements recorded at 5, 10, and 15 min after induction of itch.
Figure 2. The median value, interquartile range, and minimum and
maximum values for repeated itch matching assessments by per-
ceptual matching during the experimental procedure.
Table I. The measures of group and individual disagreement in the assessment of repeated observations (test-retest) of perceived
itch using perceptual matching 5 min, 10 min, and 15 min after induction of itch. The measures and standard error (SE) are
presented together with their 95% con¢dence intervals (CI).
Time after induction of itch (min)
5 10 15
Group systematic disagreement
in position RP (SE) 0.06 (0.043) 0.01 (0.042) 0.012 (0.043)
CI % 0.144, 0.024 0.072, 0.092 0.097, 0.073
in concentration RC (SE) 0.137 (0.067) 0.008 (0.058) 0.078 (0.056)
CI % 0.268, 0.007 0.122, 0.106 0.031, 0.187
Random individual disagreement RV (SE) 0 (0) 0.012 (0.015) 0.002 (0.003)
CI % 0, 0 0.018, 0.042 0.004, 0.008
Augmented rank order agreement coe⁄cient ra 1.00s 0.99 1.00
RP¼Relative Position; RC¼Relative Concentration; RV¼Random disagreement
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presented in Table III. There was no evidence of random
disagreement or systematic disagreement by group between
repeated assessments. The augmented rank order coe⁄cient ra
was excellent (between 0.98 and 0.84).
DISCUSSION
The main ¢ndings in this study are that perceptual matching by
the Matcher measures itch with high reliability (agreement) in
the test^retest situation in both experimentally induced itch as
well as in patients with skin disease and itch. Furthermore, the
perceptual matching method is sensitive and detects true changes
in itch over time (responsiveness).
The reliability of perceptual matching by electrical stimulation
was excellent in the test^retest evaluations at the 5, 10, and 15 min
assessments of itch intensity, as shown by no systematic disagree-
ment as a group in position (RP) or in concentration (RC). The
velocity of the electrical pulses experienced by the subjects was
random, and the values were unknown beforehand. Therefore,
any expectations of the subject or the experimenter had no e¡ect
on the outcome. In addition, in patients with skin disease and
itch, the reliability, i.e., test^retest assessments of itch by percep-
tual matching, was demonstrated as good in subjects with experi-
mentally induced itch, which makes it attractive for clinical use.
Furthermore, the results of this study found no random indi-
vidual changes (RV) in the estimates of responsiveness to experi-
mental induction of itch when itch assessment was made using
the method of perceptual matching and electrical stimulation de-
scribed in this study. The low RV value found indicates that the
potential for perceptual matching to detect true changes in
perceived itchresponsivenessis great. This was shown by a
gradual increase followed by a decrease in perceptual matching
levels.
In tests of the ¢rst sensation of pain every 10th minute during
60 min in healthy subjects without itch, no changes over time
were observed, demonstrating that the perceptual matching
method is stable and that there is no tendency for a training e¡ect
or sensitization to develop.
The VAS has traditionally been used as a method of assessing
the progress of histamine-induced itch and evaluating di¡erent
interventions. VAS is a limited and less powerful method in
several ways, however, as previously discussed (Svensson, 2000;
Lundeberg et al, 2001; Stener-Victorin et al, 2002), and its useful-
ness has been discussed (DeLoach et al, 1998). New methods for
itch assessment are needed, and electrical stimulation, against
which the subject may match the perceived itch, is a good alter-
native method (Lundeberg et al, 2001; Stener-Victorin et al, 2002).
The rank-invariant statistical method used in this study has
greater advantages than more traditional nonparametric methods,
e.g., kappa statistics, when evaluating agreement. The method
divides the disagreement into systematically and randomly caused
errors. This is important when attempting to identify the me-
chanism behind an unreliable method of measurement.
Perceptual matching was well accepted by both the study sub-
jects and the patients and no complications were reported. Safety
aspects are vital and must be considered for ethical reasons when
a new method based on electrical stimulation is introduced, as it
could be perceived as harmful to tissue. For that reason, it is
important that the subject is able to terminate stimulation imme-
diately at any time in the procedure. The sensation is brief and
perceived by most subjects as pricking, throbbing, or tingling,
although some may ¢nd it uncomfortable.
In conclusion, use of the Matcher to measure itch intensity by
perceptual matching is highly reliable with excellent responsive-
Table II. The measures of group and individual changes in the
assessment of the development of experimentally induced itch
with perceptual matching between 5 and 10 min and between
10 and 15 min. The measures and standard error (SE) are pre-
sented together with their 95% con¢dence intervals (CI).
Measured itch
Itch 5 min
vs 10 min
Itch 10 min
vs 15 min
Systematic change for the group
in position RP (SE) 0.06 (0.118) 0.301 (0.118)
CI % 0.291, 0.171 0.536, 0.075
in concentration RC (SE) 0.048 (0.160) 0.064 (0.146)
CI % 0.266, 0.362 0.349, 0.222
Random individual changes RV (SE) 0.256 (0.173) 0.222 (0.161)
CI % 0.833, 0.596 0.093, 0.538
Augmented rank-order
agreement coe⁄cient
ra 0.74 0.78
RP¼Relative Position; RC¼Relative Concentration; RV¼Random dis-
agreement
Figure 3. The median value, interquartile range, and minimum and
maximum values for repeated assessments of the ¢rst sensation of
pain by perceptual matching every 10th minute during 60 min.
Table III. The measures of group and individual disagreement
for the three repeated assessments of perceived itch using per-
ceptual matching between 0 and 5 min and between 5 and 10
min in patients with skin disease. The measures and standard
error (SE) are presented together with their 95% con¢dence
intervals (CI).
First and second
assessment
Second and
third assessment
Group systematic disagreement
in position RP (SE) 0.061 (0.072) 0.012 (0.132)
CI % 0.080, 0.203 0.270, 0.246
in concentration RC (SE) 0.086 (0.147) 0.183 (0.172)
CI % 0.203, 0.375 0.520, 0.153
Random individual
disagreement
RV (SE)
CI %
0.016 (0.027)
0.038, 0.070
0.165 (0.208)
0.244, 0.573
Augmented rank-order
agreement coe⁄cient
ra 0.98 0.84
RP¼Relative Position; RC¼Relative Concentration; RV¼Random dis-
agreement
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ness. The method is stable and is recommended as an assessment
tool for itch intensity, both in experimental conditions as well as
in patients with skin disease and itch.
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